INTRODUCTION
Influenza is common and results in annual increases in hospitalization rates and death.
1,2 Anti-influenza, antiviral medications reduce symptoms, reduce complications requiring antibiotics, may decrease hospitalizations and mortality, and are cost-effective. [3] [4] [5] [6] [7] [8] [9] Despite the potential benefits, antivirals are challenging to use and are infrequently prescribed to patients diagnosed with influenza. 10 The major barrier to the appropriate use of antivirals is the requirement that they be started within 2 days of symptom onset. Antibiotics are generally not indicated for patients with uncomplicated influenza. 1 We previously conducted a small, retrospective analysis of influenza visits. 11 Antiviral prescribing was associated with clinical factors, such as a shorter symptom duration and higher temperature, as well as non-clinical factors, such as race and ethnicity. We found that 30% of antiviral prescriptions were inappropriate. Because of the small sample size, we were unable to use multivariate modeling to evaluate independent predictors of antiviral and antibiotic prescribing. Other studies of influenza prescribing that are based solely on administrative data lack clinical detail with which to validate a claims diagnosis of influenza or assess the appropriateness of antiviral prescribing. [12] [13] [14] [15] To assess the appropriateness of antiviral prescribing and evaluate independent predictors of antiviral and antibiotic prescribing in primary care, we conducted a larger, retrospective analysis of influenza visits to primary care clinics. Identification of independent predictors of antiviral and antibiotic prescribing could identify clinical factors that are important to clinicians in diagnosing patients with influenza as well as non-clinical factors that represent sociodemographic disparities. Knowledge of independent clinical and non-clinical factors could allow the design and implementation of patient, clinician, or system-oriented interventions to improve the prescribing of antivirals or antibiotics in ambulatory care. We focused on visits in which patients were diagnosed clinically with influenza during the influenza season to examine actual practice patterns and assess the internal consistency of clinician decision-making.
METHODS

Setting
The Partners Primary Care Practice-Based Research Network (PBRN) includes 21 primary care practices affiliated with Brigham and Women's Hospital and Massachusetts General Hospital. These practices include community health centers, community-based clinics, and hospital-based clinics and have 314 primary care clinicians. In 2005, these clinics provided primary care for about 250,000 adults and children and had approximately 720,000 patient visits.
Data Sources
Partners HealthCare maintains the Research Patient Data Repository (RPDR), which pools inpatient and outpatient encounter data from Partners HealthCare sites. 16 The RPDR identifies claim diagnoses by ICD-9 codes and includes information about visit dates, site of care, visit notes, and patient demographics based on registration information. The RPDR also includes information about testing performed and medications prescribed.
Inclusion and Exclusion Criteria
The Partners Healthcare Institutional Review Board approved the study protocol. We identified potential influenza visits to Partners Primary Care PBRN Clinics using the RPDR to find visits with an ICD-9-CM code of 487 that occurred during the influenza seasons between October 1, 1999 and May 31, 2007. In addition, we identified primary care visits associated with a same-day electronic antiviral prescription of one of the 4 approved anti-influenza, anti-viral medications: amantadine, rimantadine, oseltamivir, and zanamivir. We began the study during the 1999-2000 influenza season because the neuraminidase inhibitors, oseltamivir and zanamivir, and 3 of the latest-generation rapid influenza tests were introduced just prior to the 1999-2000 influenza season. 17, 18 We excluded visits to non-primary care clinics (e.g., emergency department visits), follow-up visits, and visits that did not occur during the influenza seasons (from October 1 to May 31 of the following calendar year). Because we wanted to examine the internal consistency of clinician decision-making for acute influenza during influenza season, we included only visits at which the treating clinician specifically diagnosed the patient with influenza (usually by writing that the patient had "influenza" or an "influenza-like illness"). We classified excluded visits into those at which the influenza vaccine was discussed or given, the clinician diagnosed the patient with some other respiratory diagnosis for which influenza could be in the differential diagnosis, or the clinician diagnosed the patient with some other, non-respiratory-related diagnosis. For visits identified through electronic antiviral prescribing, we further classified excluded visits into those at which antivirals were prescribed for influenza prophylaxis or as treatment for multiple sclerosis or Parkinson's disease.
Data Analysis
For visits at which the treating clinician diagnosed the patient with acute influenza, we abstracted sociodemographic information, information about symptoms, physical exam findings, testing performed, test results, and medications prescribed. We abstracted information on up to 4 medications, giving preference to prescription medications -especially antiviral medications and antibiotics -if more than 4 were mentioned.
We used positive predictive value as the measure of accuracy for a claims diagnosis of acute influenza. 19 In calculating positive predictive value, because our system identified emergency department visits and we were interested We considered antiviral prescribing appropriate if patients had symptoms for 2 or fewer days; had fever (either patient reported or a measured temperature greater than 38.0°C); and had any 2 of headache, sore throat, cough, or myalgias. Such a definition had a positive predictive value of 57-77% in trials of neuraminidase inhibitors during the influenza season when influenza is known to be circulating. [21] [22] [23] [24] We also determined whether patients who
were not prescribed an antiviral met appropriateness criteria for antiviral prescribing. Influenza test results were not considered as part of the appropriateness criteria. There may have been differences between visits identified using claims diagnoses and electronic prescribing; we repeated the analysis, limiting it only to visits identified with a claims diagnosis of influenza. In addition, we identified very few visits from the 2000-2001 influenza season. The 2000-2001 influenza season was mild in the United States and was only 1 of 2 seasons in the past 13 years which influenza A(H3N2) did not predominate. 25 We verified that our data acquisition method 
Statistical Analysis
We used standard descriptive statistics. We used Fisher's exact test to compare categorical variables, Student's t-test for normally distributed continuous variables, and the Wilcoxon rank-sum test for non-normally distributed continuous variables (e.g., symptom duration). We used the chi-squared test for trend to evaluate antiviral and antibiotic prescribing over time.
To evaluate independent predictors of antiviral and antibiotic prescribing, we used multiple logistic regression modeling. For antiviral prescribing, we excluded pulse and blood pressure because of missing data. We modeled age and influenza season as linear predictors. For most categorical variables, we used the same categories as used for bivariate testing. We dichotomized symptom duration into those who had symptoms for 2 or fewer days and those who had symptoms for more than 2 days or had a missing value. We considered fever present if either the patient complained of fever or there was a measured temperature of greater than 38.0°C. For the antibiotic prescribing model, because antibiotics were prescribed infrequently, we evaluated a limited set of independent predictors that were associated with antibiotic prescribing on bivariate testing (p<0.05).
All statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA). P-values <0.05 were considered significant.
RESULTS
Sample Characteristics
Between October 1, 1999 and May 31, 2007, there were 8161 visits with a claims diagnosis of influenza ( Fig. 1) . After applying the exclusion criteria, there were 689 primary care visits at which the treating clinician diagnosed the patient with influenza. After excluding the 1995 emergency department visits, a claims diagnosis of influenza had a positive predictive value of 11% (689 visits with a clinical diagnosis of influenza divided by 6166 primary care visits) for identifying cliniciandiagnosed acute influenza visits in primary care.
Between October 1, 1999 and May 31, 2007, there were 1127 visits associated with an electronic antiviral prescription for an anti-influenza, antiviral medication (Fig. 1) . After applying the exclusion criteria, there were 447 antiviral prescriptions associated with a primary care visit at which the treating clinician diagnosed the patient with influenza. There were 178 common visits identified both through claims diagnoses and electronic antiviral prescribing, leaving a final sample size of 958 visits.
Patients in the sample of 958 acute primary care influenza visits had a mean age of 40, were 62% women, and 59% had private insurance (Table 1) . The race and ethnicity of the sample was 63% White, 19% Latino, 8% Black, and 11% other race and ethnicity. The 958 acute influenza visits were made to 284 different clinicians (median visits to each clinician, 2; interquartile range, 1 to 4) in 21 different clinics (median visits to each clinic, 31; interquartile range, 15 to 46). The 21 clinics included 5 community health centers, 9 hospital-based clinics, and 7 community-based clinics.
Antiviral Prescribing
Clinicians prescribed antivirals to 557 (58%) patients ( Fig. 1 and Table 1 ). In bivariate testing, compared to patients who did not receive antivirals, patients who received antivirals were older, had symptoms for fewer days, were more likely to be White, have Medicare insurance, be seen at a hospitalbased clinic, have myalgias, have received the influenza vaccine, have an influenza test done, and have a positive influenza test. Patients who received antivirals were less likely to be ill-appearing, have nasal symptoms, otoscopic abnormalities, lung abnormalities other than wheezing, or be pregnant.
Clinicians ordered an influenza test for 54% (521/958) of patients. Clinicians prescribed antivirals to 79% (412/521) of patients for whom they ordered an influenza test and 33% (144/437) of patients for whom they did not order an influenza test (p<0.0001). Fifty percent (262/521) of the influenza tests were positive. Clinicians prescribed antivirals to 84% (219/262) of patients with a positive influenza test and to 75% (194/259) of patients with a negative influenza test (p =0.01).
Antiviral prescribing became more common over time (Fig. 2) . In restricting the bivariate analysis to visits identified with an ICD-9 code of influenza (n=689), the only differences were that pregnancy and influenza vaccine use became non-significant.
We † MS is multiple sclerosis. ‡ Most common primary diagnoses were pharyngitis (23%), asthma (6%), fever (4%), bronchitis (3%), otitis media (3%), and non-specific upper respiratory infection (2%).
§ Most common primary diagnoses were non-specific upper respiratory infection (25%), fever (12%), bronchitis (11%), pharyngitis (10%), and asthma (7%). ** Most common other diagnoses were hypertension (10%), musculoskeletal diagnoses (9%), general medical examination (7%), hyperlipidemia (3%), obesity (1%), and diabetes (1%).
† † Most common other diagnoses were musculoskeletal diagnoses (41%), hypertension (15%), general medical examination (7%), hyperlipidemia (6%), and diabetes (4%).
‡ ‡ After excluding the 1995 emergency department visits, a primary care claims diagnosis of influenza had a positive predictive value of 11% (689 visits with a clinical diagnosis of influenza divided by 6166 primary care visits).
there was no antiviral prescribing -amantadine and rimantadine accounted for more than 52% of antiviral prescribing. In multivariate modeling, independent positive predictors of antiviral prescribing were year (successive influenza seasons), increasing patient age, symptom duration of 2 or fewer days, missing, self-pay, or other insurance, and, having either a negative or a positive influenza test compared to patients who had no testing (Table 2) . Independent negative predictors of antiviral prescribing were Latino race and ethnicity, cough, otoscopic abnormality, and having any blood test performed. In limiting the analysis to visits identified only with ICD-9 diagnoses (n=689), missing, self-pay, or other insurance, Latino race and ethnicity, and cough became non-significant, but the point estimates were generally the same as the primary analysis.
Appropriateness of Antiviral Prescribing
Of the 557 patients who received an antiviral, 62% met criteria for appropriateness and 38% of prescriptions were inappropriate (Table 3 ). The most common reason for inappropriate prescribing was that patients did not have symptoms for fewer than 2 days (24% of all antiviral prescriptions). Of the 135 patients who received antivirals and did not have symptoms for fewer than 2 days, 18 (13%) had no documentation of symptom duration. Of the remaining 117 (87%), the mean duration of symptoms was 4 days and the median was 3 days. Twenty-five patients (21%) had symptoms for 5 days or longer and 5 (4%) patients had symptoms for 10 days or longer. Of patients who did not receive antivirals, 22% met criteria for appropriate antiviral use. 
Antibiotic Prescribing
Clinicians prescribed antibiotics to 104 (11%) patients (Table 1 ). Compared to patients who did not receive antibiotics, patients who received antibiotics had symptoms for longer, were more likely to have an otoscopic abnormality, a lung abnormality, a positive influenza test, and have a chest x-ray performed, but were less likely to have sore throat or headache. Clinicians prescribed antibiotics to 43% (6/14) of patients with a positive chest x-ray and to 21% (25/119) of those with a negative chest x-ray (p=0.07). Fig. 2 ). Clinicians prescribed antivirals to 49% (51/104) of patients who received antibiotics and antibiotics to 9% (51/557) of patients who received antivirals (p=.05). There were no differences when restricting the analysis to influenza visits identified only with ICD-9 diagnosis (n=689).
In multivariate modeling, otoscopic abnormalities, lung abnormalities, and having a chest x-ray performed were independent predictors of antibiotic prescribing (Table 4) . Headache was an independent negative predictor of antibiotic prescribing. In restricting the analysis to visits identified only using a claims diagnosis of influenza (n=689), the variable for headache became non-significant.
DISCUSSION
In a retrospective analysis of acute influenza visits to primary care clinics, we found that clinicians prescribed antivirals to 58% of patients they diagnosed with influenza. This rate increased significantly over time. In our previous study, the antiviral prescribing rate was 31%. 11 This previous study was based on a small set of clinics and fewer visits. More importantly, our prior study was based on data from the 1999- As before, antiviral prescribing was associated with nonclinical factors such as insurance and race/ethnicity. Antiviral prescribing was positively associated with clinical factors such as age and negatively associated with clinical factors such as cough and otoscopic abnormalities. The strongest independent clinical predictor of antiviral prescribing -in accordance with prescribing guidelines for antivirals -was symptom duration for fewer than 2 days. Seemingly paradoxically, symptom duration was also the factor most strongly related to inappropriate antiviral prescribing: 24% of patients who received antivirals had symptoms for more than 2 days. Overall, 38% of prescriptions were inappropriate, and, as before, we found that about a quarter of patients who were not prescribed antivirals met appropriateness criteria.
Influenza testing was a strong independent predictor of antiviral prescribing. Clinicians prescribed antivirals to 84% of patients who had a positive influenza test and to 75% of patients who had a negative test raising the question of why most testing was performed.
We found good news in regards to antibiotic prescribing. In contrast to patients hospitalized with influenza, 9, 26 in primary care clinics antibiotic prescribing was infrequent and may have even decreased over time. In addition, the independent predictors of antibiotic prescribing suggest that clinicians tended to restrict antibiotic prescribing to patients who they suspected may have had otitis media or pneumonia. Based on these results, interventions to improve antibiotic prescribing for patients with influenza should not be a high priority. On the other hand, given the high rate of inappropriate antiviral prescribing, interventions seem warranted. The greatest challenge in the appropriate prescribing of antivirals is that they be prescribed within 2 days. To reduce symptoms and potentially complications, systems should be in place to make it easy for patients to access care when it is likely they have influenza, without overwhelming clinics with patients who have non-specific upper respiratory tract infections.
This analysis has several limitations that should be considered. First, as with our prior analysis, it was difficult to identify influenza visits. A claims diagnosis of influenza had a positive predictive value of only 11% even after excluding emergency department visits from the denominator. Influenza cases included in this study made up few visits to the study clinics, lower than the rate suggested from CDC data, 10, 25, 27 which highlights that we examined a specifically defined group of visits. Second, we used a hybrid method -using both claims diagnoses and electronic antiviral prescribing -of identifying influenza visits. However, there was no substantive difference in results when we limited the analysis to visits identified using only claims data. Third, our review was dependent on clinician documentation. The "gold standard" diagnosis was one in which the treating clinician documented a diagnosis of influenza in the visit note. We used clinicians' own diagnoses as representative of actual practice, although this almost certainly included visits at which the patient did not actually have influenza and excluded visits in which the patient did have influenza. This allowed us to assess clinician documentation, the internal consistency of clinical decision-making, and appropriateness of antiviral use for visits with a clinical diagnosis of influenza. Finally, our definition of appropriateness allowed for patient-reported fever -as opposed to just measured fever -and did not take into account the actual prevalence of influenza at the time of the visit. As such, it was a forgiving definition.
CONCLUSION
Antiviral medications have the potential to reduce symptoms and prevent complications. In this retrospective analysis, we found that clinicians increasingly prescribed antivirals to patients they clinically diagnosed with influenza. Clinicians prescribed antibiotics infrequently and restricted prescribing to patients who had findings that could be considered consistent with pneumonia or otitis media. To use antivirals effectively, clinicians, health system leaders, and researchers should consider how to deliver antivirals most accurately and efficiently to patients likely to have influenza.
